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了 Pd/SiO2、Ni2P/SiO2 及 Pd-Ni2P/SiO2 催化剂对苯酚含水体系的 HDO 反应性能特别是催
化剂稳定性的影响，以及反应前和多次反应后催化剂结构的变化。研究结果表明，
Pd-Ni2P/SiO2 催化剂具有很好的苯酚 HDO 稳定性，在四次 HDO 反应后仍能保持 89%的
苯酚转化率和 87%的环己烷选择性，而 Pd/SiO2 及 Ni2P/SiO2 催化剂，在催化苯酚四次
HDO 反应后的选择性分别从 96%与 90%下降到 21%与 30%。ICP、XPS、TEM 及元素分
析等结果表明，Pd/SiO2 在四次 HDO 反应后，Pd 含量流失 36.2%，活性组分有明显团聚
现象，平均粒径从反应前的 2.8 nm 上升到四次反应后的 7.8 nm，且有一定程度的积碳。
Ni2P/SiO2 在四次苯酚 HDO 反应后，P 由于反应体系水的存在而被氧化，且催化剂在四次
HDO 反应后 P 流失 45.4%，并伴有少量团聚现象，而 Pd-Ni2P/SiO2催化剂在四次反应后
仍能保持相对完整的晶型结构，活性组分无明显流失且反应后仍能保持高分散度，也使
得 Pd-Ni2P/SiO2在苯酚含水体系 HDO 反应中具有优越的反应性能。同时分别用 Ni2P/SiO2
与 Pd-Ni2P/SiO2 催化剂对丙三醇、乙酰丙酸及乙酰丙酸乙酯进行 HDO 反应，进一步说明
Pd-Ni2P/SiO2 催化剂在脂肪羟基和羰基中仍然表现出一定的 HDO 催化活性。 
第二部分采用高盐度的酚醛树脂制备高比表面碳气溶胶（CA），并负载活性金属 Ni
与 Ru，制备得到 Ni@Ru-RuO2/CA 催化剂，其在硼氢化钠水解制氢反应中有着良好的制
氢效果，ICP、XRD、ESR、TPR 和 TEM 等表征表明，一方面催化剂平均颗粒粒径只有

















不同 HNO3 处理温度、不同水热还原 Ni 温度条件下所制备的 Ni@Ru-RuO2/CA 催化剂对
硼氢化钠水解制氢活性的影响，结果表明 60oC HNO3 处理 12 h、60oC 水热还原条件下制





















































In order to improve the life quality of people and promote social and economic 
development, renewable energy and clean energy have attracted the current research focus. 
Biomass and hydrogen has been considered as one of the alternative energy sources of oil. 
However, due to the high content of water and oxygen, biomass can not be used directly. 
Biomass model compounds such as phenol, glycerol, levulinic acid and ethyl levulinate can be 
used to produce various high value-added products by catalytic hydrodeoxygenation(HDO). In 
addition, hydrogen is also considered as a kind of new energy, and hydrogen production and 
storage has a great research value.   
In the first part of this paper, Pd-Ni2P/SiO2 catalyst was prepared by sol-gel and 
temperature-programmed reduction method. The catalysts were characterized by XRD, ICP, 
TEM, CO-IR, TG, XPS and elemental analysis. The HDO reaction performances of Pd/SiO2, 
Ni2P/SiO2 and Pd-Ni2P/SiO2 catalysts in phenol aqueous system have been compared, 
especially the stability of the catalysts and the change structure of the catalysts before and after 
the reaction. The results show that the Pd-Ni2P/SiO2 catalyst has a good stability in phenol 
HDO, which can maintain 89% phenol conversion and 87% cyclohexane seletivity after four 
times of HDO reaction, while the selectivities of Pd/SiO2 and Ni2P/SiO2 catalyst after four 
times for HDO reaction were decreased from 96% and 90% to 21% and 30%, respectively. The 
results of ICP, XPS, TEM and elemental analysis showed that the loss of Pd content on Pd/SiO2 
was 36.2% after four times of HDO reaction, and the active components were agglomerated. 
The average particle size increased from 2.8 nm before the reaction to 7.8 nm after four times 
of reactions, and a certain degree of carbon deposition occurred. After four times of phenol 
HDO reaction, due to the presence of water in the reaction system P in Ni2P/SiO2 was oxidized . 
And after four times of HDO reaction loss of P reached 45.4% with a small amount of 
agglomeration. In contrast, the activity of Pd-Ni2P/SiO2 in the HDO reaction of phenol aqueous 
system still had excellent reaction performance after the four reactions, in which the catalyst 
can still maintain the crystal integrity. The active component is not lost and the reaction can 















out HDO reaction with glycerol, levulinic acid and ethyl levulinate, respectively. It was further 
demonstrated that Pd-Ni2P/SiO2 catalyst still showed better HDO performances in fatty 
hydroxyl group and carbonyl group. 
In the second part, a high specific surface carbon aerosol(CA) was prepared by using 
phenolic resin under hypersaline conditions. The Ni@Ru-RuO2/CA was prepared by using the 
carbon aerosol as carrier to support the active metal Ni and Ru. The results show that the 
average particle size of the catalyst is only 2.6 nm and the dispersion is uniform. On the other 
hand, due to the exist of Ru-RuO2, there are a lot of oxygen vacancy on the surface of the 
catalyst, which enhance the dissociation of water. Therefore, the Ni@Ru-RuO2/CA catalyst has 
a good hydrogen-generating activity. In addition, the effects of prepapation conditions of 
Ni@Ru-RuO2/CA catalyst, such as different HNO3 treatment temperatures and different 
hydration hydrazine reduction temperatures have been studied. The results showed that the 
Ni@Ru-RuO2/CA catalyst prepared under 60oC HNO3 treatment for 12 h and 60oC hydrazine 
reduction showed better hydrogen production activity. 
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生物油燃烧所排出的 CO2 含量大致相等，CO2 的净排放基本为零，温室效应在一定程度
上得到了缓解。2、生物质油中含硫和氮很少，所以在燃烧过程中几乎没有 SOx 和 NOx
等有害气体排出，是一种清洁无污染的液体燃料。3、其原料来源广泛、廉价且易得。生
物质通过自身光合作用来实现太阳能转变为化学能储存于生物体内，所合成的有机物能
量巨大，已经满足了 60 多亿人类和约 200 万种生物的生命所需[1]。  
 
 
图 1.1 生物质的结构组成图[1] 





































时，Al2O3 载体显得尤为不合适，加氢脱氧反应过程中生成的 H2O 和化合物中的 O 很容




饱和环烃的辛烷值较低，另一方面生成的环烃增加了 H2 的消耗。Scnol 等报道了硫化物
催化苯酚 HDO 的两种反应路径(图 1.2),一种是芳环保留，Carom-O 键被加氢裂解；另一

















图 1.2 硫化物催化剂对苯酚的 HDO 反应路径[6] 




应动力学。Odebunmi 和 Ollis 等人研究了 CoMo 催化剂在流化床反应器上对间甲酚加氢









=Fc       1.1         
 
Laurent 与 Delmon 研究了硫化了的 Co-Mo/Al2O3、Ni-Mo/Al2O3催化剂在批处理反应
器上对酚类化合物加氢脱氧时催化剂催化活性与选择性的竞争性关系，反应中反应温度
为 350 oC ，H2 压强为 7 MPa，结果指明 4-甲酚的转化率在反应动力学模型中呈现一阶动



































=                        1.3 
 
其中 Ci、Co 分别表示 4-甲酚在反应过程中和反应初始的浓度，k4MP 为方程一阶速率
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